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mapping,	 active	 fault	 characterization,	 and	 analysis	 of	 background	 seismicity.	 My	
mapping	illustrates	an	east‐west	change	in	faulting	style	where	normal	faults	occur	
east	of	the	fault	bend	and	thrust	faults	predominate	to	the	west.	These	faults	offset	
glacial	outwash	 terraces	and	moraines	which,	with	 tentative	 correlations	with	 the	
regional	glacial	history,	provide	fault	slip	rates	that	suggest	that	the	Denali	fault	bend	
is	 migrating	 southwestward.	 The	 complex	 and	 elevated	 regional	 seismicity	
corroborates	 the	 style	 of	 faulting	 associated	 with	 the	 fault	 bend	 and	 provide	
additional	 subsurface	 control	 on	 the	 location	 of	 active	 faults.	 Seismologic	 and	














































































































































































aided	from	drawing	comparisons	with	similar	classified	systems. The classification of 
restraining bends defines a systematic relationship between the structure and deformation 










The most common restraining bend type is the gentle restraining bend and includes some 









The Mount McKinley restraining bend in the Alaska Range is classified as a 
gentle restraining bend, and has led to the formation of the highest topographic peak of 





























earthquakes	 occurring	 weekly	 at	 depths	 less	 than	 20	 km	




referred	 to	 as	 the	 Kantishna	 Cluster	 (e.g.	 Ruppert	 et	 al.,	 2008)	 this	 seismologic	
phenomenon	of	high	rate,	clustered	seismicity	and	suggests	the	occurrence	of	active	
Quaternary	deformation	in	the	Peters	Dome	foothills.	Although,	previous	work	has	
defined	multiple	 seismic	 subzones	 in	 the	 Kantishna	 Cluster	 (Ruppert	 et	 al.,	 2008;	











































































































































































































Denali	fault	(Figure	1.2;	Bemis	et	al.,	in	review).	This understanding of active tectonics 
for the Alaska Range has recently evolved with the recent mapping of these faults from a 
variety of imagery including digital elevation models, aerial photography, and others 































(Plafker	 et	 al.,	 1994),	 offset	 the	 foothills	 to	 the	 west	 of	 Muldrow	 Glacier	 and	 are	
documented	as	two	short	fault	traces	with	young	geomorphic	scarps	(Figure	1.3).	The	
geologic	 setting	 and	 regional	 bedrock	 mapping	 suggest	 that	 there	 should	 be	
additional	active	faults	along	the	Peter	Dome	foothills.	Reed	(1961)	describes	parallel	








The	 bedrock	 geology	 of	 the	 Peters	 Dome	 foothills	 consists	 of	 poly‐
metamorphosed	 Precambrian	 to	 Paleozoic	 rocks	 of	 the	 Yukon	 Tanana	 terrane,	
Cretaceous	and	Tertiary	sedimentary	rocks,	and	Paleocene	to	Eocene	volcanics	(Reed,	
1961).	 These	 units	 are	 extensively	 deformed	 and	 intruded	 by	 dikes	 and	 granitic	
plutons	(e.g.,	Reed,	1961;	Ridgway	et	al.,	2007)	of	Mesozoic	age	around	38	Ma	(Reed	
and	Lanphere,	1974).	North	of	the	Denali	fault	and	within	the	Peters	Dome	foothills	







zone	 during	 the	 waning	 phases	 of	 the	 associated	 terrane	 accretion	 episode.	 The	
Cantwell	formation	is	unconformably	overlain	by	the	Paleogene	Teklanika	formation	
(also	known	as	the	Upper	Cantwell	formation)	which	is	a	sequence	of	volcanic	rocks	
consisting	 of	 andesite	 and	 rhyolite	 with	 some	 basalt	 and	 pyroclastic	 rocks	 (e.g.	









Figure	2.2:	Alaska	Range	 suture	 zone.	 The	 suture	 zone	 is	 defined	 by	 the	 black	
transparent	overlay	on	the	geologic	map	of	the	Mount	McKinley	restraining	bend.	The	
Denali	 fault	 formed	 in	 the	 highly	 deformed	 Alaska	 Range	 Suture	 Zone	 which	 is	
bounded	to	the	north	by	the	Hines	Creek	fault.	This	northern	boundary	is	represented	
by	the	boundary	between	older	Precambrian	and	Paleozoic	metamorphic	rocks	from	






The	Kantishna	Hills	 zone	 includes	 the	area	defined	by	 the	 seismicity	of	 the	
Kantishna	 Cluster,	 with	 the	 abundant	 earthquake	 hypocenters	 overlapping	 a	
significant	portion	of	the	study	area.	 	Particularly	vexing	for	seismologists	are	that	
despite	 the	 abundant	 shallow	 crustal	 seismicity,	 there	 are	 no	 previously‐mapped	
active	 faults	 that	 correspond	 with	 the	 style	 and	 trends	 of	 the	 Kantishna	 Cluster	
(Burris,	2007).	To	characterize	the	seismogenic	character	of	the	crust	in	this	region,	
Ruppert	 et	 al.	 (2008)	 used	 relocated	 earthquake	 hypocenters,	 to	 conclude	 that	
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seismicity	in	the	cluster	rarely	extends	deeper	than	12	km.	This	 indicates	that	this	
depth	 is	 the	 seismic	 limit	 of	 the	 crust.	 Two	 clusters	 of	 earthquake	 hypocenters	
trending	 about	 SW‐NE	 and	 WNW‐ESE	 defined	 the	 Kantishna	 Cluster	 during	 the	
beginning	 analysis	 of	 the	 cluster	 in	 the	 early	 2000s,	 with	 the	 northern	 section	
showing	 mainly	 reverse/thrust	 slip	 and	 strike‐slip	 focal	 mechanisms	 while	 the	
southern	 section	 showed	 mainly	 right	 lateral	 strike‐slip	 focal	 mechanisms	
(Ratchkovski	and	Hansen,	2002).	Continued	analysis	of	the	Kantishna	Cluster	has	led	
to	the	identification	of	3	primary	subzones	of	seismicity:	the	north,	middle,	and	south	
zone,	 distinguished	 by	 defined	 sub‐clusters	 of	 earthquake	 hypocenters	 inside	 the	
large	Kantishna	cluster	and	their	specific	orientation	to	the	Denali	fault	(Figure	2.3;	
Ruppert	et	al.,	2008;	Burris,	2007).	The	north	and	south	zones	of	cluster	earthquake	
hypocenters	 are	orientated	parallel	 to	 the	Denali	 fault	 along	 the	 restraining	bend,	
while	the	middle	zone	is	orientated	oblique	to	the	restraining	bend.		The	majority	of	
deformation	is	accommodated	by	strike‐slip	and	reverse/thrust	slip	evident	by	the	
focal	 mechanisms	 in	 the	 zones.	 (Ratchkovski	 and	 Hansen,	 2002;	 Burris,	 2007;	






















I	 conducted	 surficial	 and	 neotectonic	 geology	 mapping	 of	 the	 Peter	 Dome	
foothills	at	1:24,000	scale	targeting	the	late	Cenozoic	geologic	record	associated	with	
restraining	 bend	 deformation.	 The	 existing	mapping	 was	 conducted	 at	 1:250,000	
scale	and	largely	prior	to	the	publication	of	the	systematic	topographic	map	coverage	
for	 the	 region	 (Reed,	 1961),	 and	 provides	 a	 general	 framework	 for	 the	 regional	
geology,	but	there	is	significant	room	for	improvement.	My	mapping	efforts	consisted	
of	 initial	 reconnaissance‐level	mapping	 on	 satellite	 imagery	 and	moderately	 high‐
resolution	 topography	 in	 ArcGIS,	 1	 week	 of	 fieldwork	 in	 summer	 2013	 (this	was	
shorter	 than	 planned	 due	 to	 sickness	 of	 a	 colleague),	 detailed	 mapping	 and	




preliminarily	mapped	contacts	and	units	and	 to	characterize	 the	 types	of	deposits	
associated	 with	 different	 vegetative	 patterns,	 landforms,	 and	 surface	 textures	

























vector	 was	 calculated	 I	 divided	 it	 by	 the	 estimate	 surface	 age	 from	 the	 glacial	
correlations	 to	 obtain	 a	 slip	 rate.	 Finally,	 I	 visualized	 the	 active	 faults	 and	 their	
relationship	to	the	focal	mechanism	and	earthquake	data	for	all	record	events	from	
1968	 to	2013	by	overlaying	 the	 faults	on	 the	 seismicity.	The	overlay	of	 faults	 and	
seismicity	was	displayed	 in	ArcScene	with	USGS’s	 3‐D	 visualization	 of	 earthquake	
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focal	 mechanism	 program	 created	 by	 Labay	 and	 Haeussler	 (2007)	 and	 used	 to	
highlight	focal	mechanisms	trends,	distribution	of	seismicity,	and	link	the	seismicity	
with	the	known	faults.	Also	cross	sections	of	the	earthquake	hypocenters	were	made	





































































































































































































































































































































































MP‐I	 MP‐I	 Riley	Creek	1	 		 MIS	2	 21.4	‐	20.6	 21.4	‐	20.6	
Qm2a	 McLeod	Creek	 Healy	 		 MIS	4	 57‐71	 57‐64	
Qm2b	 McLeod	Creek	 Healy	 		 MIS	4	 57‐71	 64‐71	





































































MMRB01‐A	 166184	 3130	±	140	 3685	‐	2960	 Seeds?	(a)	 Organic	Horizon	 Max.	limiting		
age	




MMRB01‐C	 166186	 630	±	70	 684	–	525	 Wood/Twigs/
Roots	
Buried	Soil	 Min.	limiting	age	
			MMRB01‐D	ˠ	 166187	 3065	±	25	 3359	–	3210	 Charcoal	(c)	 Buried	Soil	 Max.	limiting	age	







































































































































































































































































































kinematics	 of	 the	 restraining	 bend	 and	 to	 estimate	 the	 amount	 of	 strain	 being	
partition	from	the	Denali	fault	by	the	Quaternary	thrust	faults.	To	accomplish	this,	the	
McLeod	Creek	fault	and	associated	scarps	were	selected	for	a	detailed	analysis.	The	















































































































	The	 topographic	 profiles	 across	 the	 scarps	 of	 McLeod	 and	 Slippery	 Creek	
provided	 the	 necessary	 information	 to	 calculate	 fault	 slip	 rates	 along	 the	McLeod	
Creek	fault.	Given	the	regression	uncertainty	and	the	meter‐scale	irregularities	of	the	
surveyed	 hanging	 wall	 and	 footwall	 surfaces	 of	 each	 scarp,	 slopes	 within	 a	 few	
degrees	were	assumed	to	be	parallel.	The	surfaces	do	not	have	to	be	parallel,	but	non‐
parallel	surfaces	require	specific	equations	and	the	slip	cannot	be	estimated	straight	
off	 the	profile.	The	 surveyed	points	of	 the	 topographic	profiles	define	 the	hanging	
wall,	the	scarp	face,	and	footwall	of	each	scarp.	I	separated	the	points	that	delineate	
the	hanging	wall	 and	 footwall	 into	 their	own	data	 sets.	Each	data	 set	undergoes	a	
linear	 regression	 to	 establish	 trend	 lines	 through	 the	 survey	 points	 to	 define	 the	
equations	representing	the	hanging	wall	(yh	=	mhx	+bh)	and	the	footwall	(yf	=	mfx	+	
bf).	 These	 equations	 give	 the	 necessary	 variables	 used	 in	 Thompson	 et	 al.	 (2002)	
vertical	 and	 slip	 offset	 equations	 (Figure	 4.15).	 To	 calculate	 the	 fault	 slip	 for	 a	







where	v	 is	vertical	 separation,	α	 is	 surface	dip,	δ	 is	 fault	dip,	 and	 tanα	=	m.	 If	 the	













































































































































Focal	 mechanisms	 of	 the	 cluster	 were	 used	 to	 search	 for	 trends	 in	 the	
seismicity	 that	might	 represent	 active	 faults	 that	 are	 not	 clearly	 expressed	 at	 the	






jogging	 of	 rivers	 at	 right	 angles	 to	 the	 west	 and	 along	 strike	 faulting	 changes	
corresponding	 to	 the	 trends.	 For	 example,	 the	 northern	 Slippery	 Creek	 fault	 ends	
abruptly	at	the	west	strike‐slip	trend	and	the	McLeod	Creek	fault	3	ends	suddenly	at	
the	east	strike‐slip	trend.	Other	right‐lateral	and	reverse/thrust	trends	exist	in	the	

























































































































































































































































































































































Cronin, V., (2010), A Primer on Focal Mechanism Solutions for Geologists: Baylor 
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